By using the combined approaches of microcalorimetric analysis and polarizing microscopy, the crystal-liquid crystal-isotropic melt phase transition of major phospholipids (phosphatidylcholine and phosphatidylethanolamine) and glycolipids (monogalactosyldiacylglycerol and digalactosyldiacylglycerol) isolated from marine seagrass Zostera marina were investigated. Here we discuss the results in view of the fatty acid structures of the lipids studied.
Introduction
As is known, primary thermoadaptation changes occur on the molecular level. These changes can be reached first of all at the expense of reorganization of the composition and intramolecular structure of membrane lipids. T h e liquid-crystalline state of lipid matrix is necessary for physiological and biochemical functions of membranes and depends on different environmental factors, with the most important effects being those of temperature [1, 2] . There has been relatively little research investigating the physico-chemical changes of plant lipids during temperature adaptation [3] . In contrast to animals, plant memKey words: DSC. glycolycolipid, phase transition, phospholipid.
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brane lipids are predominantly represented by glycoglycerolipids [4-61, which are not only structural components of chloroplasts, but also participate in photosynthetic processes [4, 5] . Zostera marina belongs to the marine macrophytes and carries out an important role in marine ecosystems [7, 8] . Also it is used in medicine, agriculture etc. [8] . With this view, the present work was a phase-transition study of major glycolipids [monogalactosyldiacylglycerol ( M G D G ) and digalactosyldiacylglycerol (DGDG)] as well as phospholipids [phosphatidylcholine (PC) and phosphatidylethanolamine (PE)] of 2. marina. In addition, fatty acid composition, which defines the thermotropic behaviour of lipids [3,9-121, was also analysed.
Materials and methods
Seagrass 2. marina was harvested in Possiet Bay (Sea of Japan) in August at 20°C in seawater. Freshly collected seagrass was cleaned and heated to inactivate enzymes as described in [13] . Total lipid extracts from about 10 kg of seagrass were obtained according to the method of Folch et al. [14] . Crude glyco-and phospho-lipids were isolated by column chromatography on silica gel by elution with acetone, acetone/benzene/acetic acid/water (200: 30: 3 : 10, by vol.) and a gradient of chloroform and methanol. Then, lipids were purified by preparative silica TLC using chloroform/methanol/water (65 : 25 :4, by vol.). Chromatographically pure lipids were solubilized in chloroform and introduced into standard Biochemical Society Transactions (2000) Volume 28, part 6 aluminium pans. Vacuum-dried samples of Table I approx. 10 mg were sealed into pans and placed in a DSM-2M differential scanning calorimeter (Institute for Biological Instrumentation, Puschino, Russia)' Samples were either heated Or cooled at 16 "C/min in a temperature range between -100 "C and 80 "C at the sensitivity 5 mW. T h e peak in the plot of heat capacity versus temperature was recorded as the phase-transition temperature, T,,, ; the transition enthalpy, AH, was determined from the area under the transition endotherm weak and comwared with the known T h e initial temperature of a liquid-crystalline-toisotropic phase transition was determined as the temperature at which the texture began to darken; the end of phase transition, when the observed field became black, was also recorded. Analysis of fatty acid composition was carried out by G L C as described by Khotimchenko [15, 16] .
Results and discussion
Two studied glycolipids, M G D G and DGDG, account for 37.4 O 0 and 49.7 ",o, respectively, of the total glycolipids. The contents of PC and PE are 43.8'%) and 23.816, respectively, from the total phospholipids of 2. marina [15, 17] . T h e thermotropic behaviour of these phospho-and glycolipids was investigated to reveal the temperature ranges of the liquid-crystalline phase. T h e data on fatty acid composition are given in Table 1 . Differential scanning calorimetry (DSC) thermograms of phospho-and glyco-lipids are shown in Figure 1 . T h e phase-transition temperature ranges of P C and PE were between -75 "C and 68 "C and between -80 "C and 80 "C, respectively, and remarkably they overlapped. This can be explained by the similar fatty acid compositions of these lipids. Therefore, this would be expected to result in the synchronous change of viscosity in both leaflets of the membrane lipid bilayer with varying environmental temperature. Peak maximum temperatures (T,,,,) of PC and PE were also close and were revealed to be below zero : -16 "C and -12 "C, respectively. In contrast to phospholipids, the thermogram profiles of glycolipids essentially differed among themselves. T h e phase transition of M G D G was carried out in a wide temperature range from -70 "C to 70 "C and was characterized by relatively low enthalpy change (22.4 J/g ). There were two zones of transition on the M G D G thermogram: around -3 5 "C and 40 "C. Both low enthalpy and T,,, ( -35 "C) may have been due to the particular fatty acid composition of this lipid. M G D G comprises high levels of unsaturated acids, in particular of 16:3 n-3 ( l S o 0 ) . Plants containing high levels of hexadecatrienoic acid, known as 16: 3 plants, obtain the diacylglycerol precursors for the biosynthesis of the major chloroplast lipid, M G D G , from two sources, the chloroplast and the cytosol [18] . Obviously, the unsaturated molecular species 18 : 3/16 : 3 mainly determined the specific thermotropic behaviour of M G D G from Z. marina [19] . Unlike M G D G , the D S C thermal transition of D G D G was highly co-operative and was recorded at a temperature range from -50 "C to 40 "C. T h e highly co-operative transition with T,,;,, at -2 "C is most likely to be consistent with the relatively homogeneous fatty acid composition of D G D G . Special attention should be paid to the data from polarizing microscopy. T h e textures of P C and PE samples underwent some change and became darker between 5 "C and 45 "C, that is they 0 2000 Biochemical Society 
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probably corresponded to the crystal-liquid crystal transition of saturated domains, comprising phospholipids with saturated acyl residues, and simultaneously partial isotropic melting of phospholipids. At temperatures higher than 65-70 "C, the remaining parts of the samples were observed to melt into the isotropic state. Complete isotropic melting was revealed at temperatures above 100 "C. T h e isotropic transition of the major part of M G D G and D G D G occurred between 17 "C and 48 "C and from 13 "C to 40 "C, respectively, which coincides with low-enthalpy high-temperature calorimetric transitions. It is interesting to note that the peaks of these transitions are consistent with temperatures at which irreversible changes begin to occur in the photosynthetic and mitochondria1 apparatus of sea macrophytes and higher plants , and also at which the growth of Z. marina is suppressed. T h e further increase in temperature has been observed to result in the death of these organisms [7, 8] .
Introduction
Previous studies on developing sunflower seeds have shown that microsomal oleate desaturase (FAD2) activity is regulated by temperature. When the whole plant or the capitulum was transferred to high temperature, FAD2 activity was decreased, whereas low temperatures brought about an increase in the activity level [l]. In addition, the level of FAD2 activity in developing sunflower seeds seems to be regulated by oxygen availability [2] . Whether these changes in the FAD2 activity level are due to the temperature itself or to an indirect effect is still under debate.
Recent results from our group (M. T. GarciaDiaz and M. Mancha, unpublished work) indicate that the presence of a hull, which acts as a barrier for oxygen, could explain the observation that oleate desaturation was completely inhibited when the achenes were transferred to high temperature, whereas it was little affected by temperature changes in peeled seeds.
In this work we have used peeled developing sunflower seeds to study temperature and oxygen regulation separately, in order to elucidate if both effects are independent.
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Experimental
Sunflower (Helianthus annuus L.) plants were cultivated in a growth chamber with a photoperiod
